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Numerical Analysis of the propeller performance close to water surface
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Simulation of the flow around propeller is a complex fluid flow problem, especially when the propeller
Received 01 November2015 is close to free surface. In this study, the effect of immersion depth, advance velocity and the ventilation
Accepted 20 December 2015 phenomenon on the performance of a B-Wageningen series propeller close to surface of water have
Available Online 16 January 2016 . . . . .
been numerically investigated. For this purpose the ANSYS-FLUENT commercial software has been
Keywords: used to solve the viscous, incompressible and two phase flow field. The rotation of the propeller has
prope“er' been implemented using the rotating reference frame model for steady flow and the sliding mesh for
Thrust unsteady flow. For turbulent flow modeling and free surface simulation, the k-o SST model and the
Ventilation volume of fluid method have been used, respectively. For validation of numerical results due to lack of
;’gg;‘if‘;;'%‘fm?rfézc’d access to experimental results of propeller close to surface, numerical solution in open water condition

has been performed and performance coefficients have been calculated. Comparing the numerical
results with the experiment ones shows good agreement and confirms the results of numerical
simulation. Results of the numerical solution show that the submergence ratio and ventilation
phenomenon affect the performance of propeller so that by reducing submergence ratio from 2.2 to 1.4
in advance ratio J=0.4, ratio of thrust and torsional moment coefficients to open water performance
coefficients reduced to 7.7% and 6%, respectively.
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5- Rotating Reference Frame
6- Sliding Mesh

7- Turbulence Kinetic Energy
8- Specific dissipation rate
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Table 1 Basic settings used in Fluent software
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Table 2 Geometric characteristics of propeller
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4- Hub
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9- Rake
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Fig. 2 A view of the grid generation on the propeller surface
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Table 4 Comparison of thrust coefficient for numerical methods with
experimental results
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S ass ol e 77 o L
o= oz [16] 5,25
9.60 0.292 8.36 0.296 0323 0.1
8.62 0.265 6.9 0.270 0290 0.2
8.20 0.235 5.86 0.241 0256 0.3
6.82 0.205 5.90 0.207 0220 0.4
8.11 0.170 8.11 0.170 0185 05
753 0.135 10.96 0.130 0.146 0.6
12.00 0.088 17.00 0.083 0.100 0.7
14.89 0.040 27.66 0.034 0047 0.8
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Table 5 Comparison of torsional moment coefficient for numerical
methods with experimental results
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0.82 0.0365 3.53 0.0355 0.0368 0.1
1.45 0.0350 3.19 0.0334 0.0345 0.2
0.00 0.0320 3.13 0.0310 0.0320 0.3
0.71 0.0280 1.06 0.0279 0.0282 04
0.42 0.0240 1.24 00244 00241 05
0.00 0.0200 2.00 0.0204 0.0200 0.6
4.17 0.0150 7.64 0.0155 0.0144 0.7
17.5 0.0094 25.00 0.0100 0.0080 0.8
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Table 3 Ratio of computed performance coefficients to experimental in
terms of the number of cells
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Table 7 Ratio of Propeller performance to open water performance
coefficients in terms of submergence ratio

Ko Ky h
KQO KTo R
0.920 0.873 14
0.950 0.910 1.6
0.962 0.930 1.8
0.969 0.939 2.0
0.980 0.950 2.2
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Fig. 5 Ratio of Propeller performance coefficients changes to open
water performance coefficients in terms of submergence ratio
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Table 8 percent of coefficient viscosity to performance coefficients in
terms of propeller submergence ratio

%KQU %KTU E
K, Kr R
8.8 16 14
8.7 15 16
8.5 14 18
8.4 14 2.0
8.1 14 2.2
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Table 6 Comparison of the efficiency for numerical methods with
experimental results

hA 7

nA e Kws ! s
o fes] ag s ETre OB ETe0 s
e il ass T e
OB NEgs [16]
4.36 0.1273 8.77 0.1327 0.1220 0.1
3.60 0.2410 2.93 0.2573 0.2500 0.2
3.93 0.3506 1.70 0.3712 0.3650 0.3
0.95 0.4655 0.50 0.4723 04700 04
1.38 0.5637 0.28 0.5544 0.5560 0.5
3.63 0.6446 2.16 0.6085 0.6220 0.6
6.10 0.6536 3.15 0.5966 0.6160 0.7
6.40 0.5384 14.44 0.4329 0.5060 0.8
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Fig. 4 Comparison of performance and efficiency curves of propeller in
open water condition
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Fig. 8 Comparison of Performance coefficients in submergence ratio
1.4 and open water condition
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Fig. 9 Comparison of Computational efficiency in submergence ratio
1.4 and open water condition
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Fig. 6 Ratio of Propeller efficiency to open water efficiency in
terms of submergence ratio
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Fig. 7 View of water level changes in terms of propeller submergence
ratio
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Fig. 10 volume fraction countors (water) around the propeller in lateral
cross section in terms of propeller rotational speed (J=0.1)

g S13l 4 oy a5 il Jgo (D) (o s sl gils 10 S

(J20.1) wlyy ot 2 o pos (613l @2 &ily 0 Shae (slo o 9 Jouzr
Table 9 Propeller performance coefficients in terms of the propeller
rotational speed (J=0.1)

Ko Kt n (rad/s)
0.0349 0.28 60
0.0334 0.267 87.5
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